Study Design. A cohort study using data from the Locomotive Syndrome and Health Outcome in Aizu Cohort Study, a population-based prospective cohort study of residents of the towns of Tadami and Minamiaizu in Fukushima Prefecture, Japan.
K yphosis, or sagittal malalignment of the thoracic spine, is notably associated with several adverse health outcomes, including mobility deficit, impaired gait, balance deficit, and falls. [1] [2] [3] [4] The exact prevalence of kyphosis in the elderly is unknown, but rates as high as 20% to 40% have been reported. [5] [6] [7] Although kyphosis is generally considered more prevalent in women than men, a cohort study of community-dwelling adults has reported conflicting results. 8 The etiology of kyphosis is not well characterized but is considered multifactorial. Vertebral fracture is regarded as the principal cause, accounting for approximately 35% of cases, followed by factors such as degenerative disc change and muscle weakness. 9, 10 To date, kyphosis has been suggested to cause mobility deficits, impaired gait, and balance deficits, and might be associated with an increased incidence of falls. [1] [2] [3] [4] Previous studies of the association between kyphosis and risk of falls have reported conflicting results.
1-4,11-13 One such study noted that kyphosis was associated with the 1 However, given that all previous studies were conducted under a cross-sectional design, the possibility that falls lead to kyphosis should also be considered. Further, to our knowledge, no studies have adequately adjusted for confounders of the association or focused on potential sex differences.
Here, to clarify the presence or absence of sex differences in the association between kyphotic posture and falls, we analyzed data from the longitudinal Locomotive Syndrome and Health Outcome in Aizu Cohort Study (LOHAS), with adjustment for potential confounders.
MATERIALS AND METHODS

Study Population
Data were utilized from the LOHAS study, a populationbased prospective cohort study of residents of the towns of Tadami and Minamiaizu in Fukushima Prefecture, Japan. The LOHAS study evaluated the impact of locomotive dysfunction on health care outcomes, such as quality of life, medical costs, falls, and mortality. Details on the design of the study have been previously reported.
14 Eligibility criteria included an age of more than 40 years and participation in at least one annual health check-up in 2009 or 2010. The Research Ethics Committee of our institute approved the study protocol, and written informed consent was obtained from all subjects.
Definition of Kyphotic Posture
Kyphotic posture in the LOHAS study was assessed by musculoskeletal examination. The wall-occiput test (WOT) is a semi-quantitative technique used to assess kyphotic posture and has also been used to detect occult thoracic vertebral fractures. 15 The distance between the prominence of the occiput and the wall was measured by tape while the participant was standing with both heels and the sacrum against the wall and with the lower orbital margin and upper margin of the acoustic meatus on the same horizontal plane. The test was considered positive when the occiput was unable to touch the wall. The distance (cm) from the wall to the occiput was measured to evaluate the degree of kyphotic posture (Figure 1 ).
Outcome Measure: Definition of Falls
A history of falls was determined from a positive response to the question, ''Have you had any falls in the past year?'' A fall was defined using the World Health Organization criteria as an event resulting in a person inadvertently coming to rest on the ground. 16 Falls requiring medical care were also examined using a self-administered questionnaire, as follows: ''When you fell down, did you go to the hospi- 
Measurement of Potential Confounders
Potential confounders of the association between kyphotic posture and falls included demographic characteristics such as age, sex, and body mass index (BMI), as well as the presence of osteoarthritis, stroke, heart disease, respiratory disease, or symptoms of depression. These confounders were established on the basis of risk factors described in the Guidelines for the Prevention of Falls in Older Persons from the American Geriatrics Society, British Geriatrics Society, and American Academy of Orthopedic Surgeons Panel on Falls Prevention (2001). 17 After consideration of the clinical and causal relationship between these risk factors, we selected potential confounders using information from a self-reported questionnaire, a regular annual health check-up conducted by local government, and a specific musculoskeletal examination and questionnaire survey conducted at our institution. Depressive symptoms were assessed using the 10-item version of the Center for Epidemiological Studies Depression Screening Index (CES-D), which is designed to quantify the number and frequency of symptoms of depression. Depression was defined as a score of 10 or more. 18 Knee osteoarthritis was assessed by a physician according to the criteria of the American College of Rheumatology (Altman criteria). 19 Baseline data, including the WOT and confounding variables, were measured at an annual health check-up and a specific musculoskeletal examination in June 2009. A one-year follow-up checkup was conducted in June 2010, at which outcome variable data were obtained.
Statistical Analysis
Subjects with complete data were entered into the primary analyses. Statistical analyses were conducted using Stata Statistical Software Release 13 (StataCorp LP, College Station, TX). Demographic characteristics, comorbidities, main exposure (kyphotic posture measured by WOT), and outcomes (any fall in the previous year) were described as appropriate indices. Measurement of kyphotic posture using the WOT method ranged from 0 to 26 cm. Subjects were first divided into negative or positive groups according to the results of the WOT. WOT-positive subjects were then divided into mild or severe kyphotic posture groups using the median WOT score (4.0 cm) for analysis and compared with those without kyphotic posture in the WOT-negative group. Effect measures in the present study were the odds ratios (ORs) for any fall, as estimated using logistic regression models. Adjusted ORs were estimated using a logistic regression model with adjustment for potential confounders such as age, BMI, depressive symptoms, sedative medication, and other comorbidities.
RESULTS
Study Participants and Baseline Characteristics
A total of 1892 subjects who participated in the health check-up in 2009 or 2010 were included, of whom 1863 (98.5%) had both exposure and outcome variables. After excluding 445 participants who were missing one or more confounding variables, the remaining 1418 (75%) participants were entered into the primary analyses. Of these, 58.2% were women, aged 40 to 88 years (mean 68.4 AE 7.4 yrs), and 41.8% were men, aged 40 to 88 years (mean 67.7 AE 8.1 yrs) (Figure 2 ). Subjects and excluded groups were compared. Excluding sex, sociodemographic characteristics were similar between participants with and without one or more missing variables (Supplemental Table. 1, http://links. lww.com/BRS/B143). Table 1 summarizes baseline characteristics categorized by the degree of kyphotic posture measured using WOT. The prevalence of positive kyphotic posture defined by WOT was 19.7%, of which 12.1% (n ¼ 172) was categorized as mild and 7.6% (n ¼ 108) as severe (Supplemental Fig. 1 , http:// links.lww.com/BRS/B142). The prevalence of positive kyphotic posture defined by WOT was higher in women in both groups. Further, kyphotic posture was more severe with age and was associated with an increased prevalence of comorbidities.
Outcome Data
Overall, 20.0% (n ¼ 284) of participants had at least one fall in the previous year. Women were more likely to fall, with a rate of 21.7% (n ¼ 179) compared with 17.7% (n ¼ 105) for men.
Kyphotic Posture and Falls
On crude logistic regression analysis, OR for any fall was 2.53 [95% confidence interval (95% CI), 1.25-5.14; P ¼ 0.010] in men with severe kyphotic posture, versus no significant difference in men with mild kyphotic posture [1.06 (0.56-1.98); P ¼ 0.859]. In women, no association with kyphotic posture was seen in either group [mild group, 1.18 (0.71-1.98); P ¼ 0.518; severe group, 1.12 (0.62-2.02); P ¼ 0.702] ( Table 2) .
After adjustment for covariates, multivariable logistic regression analysis demonstrated that only severe kyphotic posture in men was significantly associated with any fall [2.14 (95% CI 1.01-4.57); P ¼ 0.048]. No significant association was observed in women (Table 2) .
Subgroup Analysis
Subgroup analysis was conducted in participants aged over 65 years, which is considered a particularly high-risk group for falls. The point estimate exhibited the same trend as the main analysis, but these findings were no longer significant (Table 2) .
Sensitivity Analysis
The same trend was also observed in a sensitivity analysis of falls requiring medical care, but the number of outcomes was relatively low (62 subjects had falls requiring medical care: 21.8% in those who fell and 4.4% in all subjects) ( Table 3) . The relationship between kyphotic posture when treated as a continuous variable and falls was also investigated. As WOT had a positively skewed distribution, nonlinear regression analysis was performed with WOT log transformation. A nonlinear relationship between kyphotic posture and falls was observed for men only in the sensitivity analysis (Figure 3) .
We also conducted a second sensitivity analysis to determine the association between kyphotic posture and falls after adjustment for degenerative spina conditions. Results were similar to those of the original analysis (Supplemental Table 2 , http://links.lww.com/BRS/B143).
DISCUSSION
In this cohort study of community-dwelling adults, men with severe kyphotic posture had a significantly increased risk of any fall the following year, even after adjustment for age, BMI, symptoms of depression, sedative medication, and other comorbidities. In contrast, women with either mild or severe kyphotic posture did not have an increased incidence of falls even after adjustment for other covariates. These findings indicate a sex difference in the association between kyphotic posture and falls. The strengths of the present study are as follows. First, we analyzed the association between kyphotic posture and falls using a longitudinal design. To our knowledge, all previous studies have used a cross-sectional design, but given that falls might induce kyphotic posture via vertebral fracture, these studies may have suffered from reverse causation. The present longitudinal study might therefore help to determine whether kyphotic posture is a risk factor for falls. Second, we analyzed the data using potential confounders listed as risk factors in fall prevention guidelines using a multivariate model. Previous studies did not appropriately adjust for potential confounders to examine the association between kyphotic posture and falls. We included important confounders (age, BMI, depressive symptoms, sedative medication, and other comorbidities) in the logistic regression model to estimate adjusted ORs for the association between kyphotic posture and falls. Third, we investigated the relationship between kyphotic posture and falls in a large population-based cohort study. Although radiography is the gold standard for evaluating kyphotic posture, it is difficult to use in large populations. We therefore consider WOT to be the optimal method for population studies and to be particularly useful for general practitioners, as it can be easily measured without special techniques or devices.
There are several possible explanations regarding why kyphotic posture is an independent risk factor for falls in men only. One has been previously discussed 1 : although older women are much more likely to fall than older men, the effects of a kyphotic posture on outcome of falls in women might decline with aging. Given that other risk factors for falls, such as decreased muscle strength or fear of falling, might affect a greater proportion of women than men, the impact of kyphotic posture on falls might not be as marked in older women. Another possibility is that kyphotic posture might indicate a lack of flexibility in men. Kyphotic posture in women appears to be mainly derived from osteoporosis, including vertebral fractures. In contrast, kyphotic posture in men is mainly due to other factors such as degenerative changes in the discs and soft tissues, which might reduce flexibility. 20, 21 People with kyphotic posture usually try to prevent the body from bending forward by adjusting their lumbar spine lordosis. In men, however, these compensatory mechanisms might be inadequate due to a lack of flexibility. The effect of kyphotic posture might therefore be more prominent in men and be associated with an increased incidence of falling.
Interestingly, we found that mild kyphotic posture was not related to falls in the present study. A previous study suggested that the kyphotic posture might serve as a protective factor against falls in a laboratory setting. 22 The kyphotic posture can cause a more rapid response to sudden movement, particularly in compensating for a late response to stimulation in the elderly. 22 In contrast, several studies have postulated that kyphotic posture fundamentally alters balance and predisposes people to falls. [1] [2] [3] [4] Although our study did not directly evaluate the balance control of subjects, our results imply that kyphotic posture might protect against falls to some extent, but that this protection might lose effectiveness as the severity of kyphotic posture increases. Excessive muscle tone in those with severe kyphotic posture might interfere with the response to a loss of balance control.
In our subgroup analysis in participants aged over 65 years, the point estimate exhibited the same trend as in the main analysis. However, these findings were no longer significant, possibly due to a loss of statistical power. These results support the idea that severe kyphotic posture might be an independent index for risk of falls in men only.
Several limitations of our study warrant mention. First, the participants of the LOHAS study were residents who received regular health check-ups conducted by the local government. Accordingly, they might be more healthconscious than the general public, which might reduce generalizability. It has long been recognized that those who participate in health check-ups have a better socioeconomic profile and better health at baseline than nonparticipants. 23 The best available evidence suggests that participation rate alone does not determine the extent of bias and that low participation rates do not necessarily indicate high levels of inherent bias in a study. However, nonparticipants might have higher levels of disease, poorer health status, and lower levels of physical functioning than participants. 24 Second, there is concern of whether or not we should have treated the severity of kyphotic posture (WOT) as a categorical variable. Given that a clear cut-off point to define the severity of kyphotic posture has not been reported, we also investigated the relationship between kyphotic posture and falls with WOT treated as a continuous variable in the sensitivity analysis. As with the categorical findings, we observed a nonlinear relationship between kyphotic posture and falls in men only. This may imply that our finding of a suggested sex difference in the association between kyphotic posture and falls is robust. Third, lateral spontaneous sway amplitude reportedly predicts future risk of falls. 25 In the present study, as we did not assess postural dynamics or the direction of falls, we could not evaluate whether increased lateral postural sway associated with kyphotic posture was responsible for an increased risk of falls. However, several studies have supported the critical role of sagittal alignment in mobility and balance control. [26] [27] [28] Fourth, it should be considered that patients with Parkinson disease are likely to be at an increased risk for falls 29 and are likely to have sagittal spinopelvic malalignment. 30 Unfortunately, we did not measure presence of Parkinson disease in this cohort. Given the very low reported prevalence of Parkinson disease, namely 0.3% in general populations overseas 31 and 0.1% in general populations in Japan, 32 we consider that any effect of Parkinson disease in this cohort was negligible. Moreover, a cohort study reported that adjustment for Parkinson disease did not explain the male association of kyphotic posture with falls, and that the results did not change after excluding subjects with Parkinson disease from analysis. 1 Finally, there is a risk of outcome misclassification given that we simplified the question as follows: ''Have you had any falls in the past year?'' Although we also investigated more reliable outcomes, such as falls requiring medical care, we found similar associations as those for ''any fall.'' As the absolute incidence rate was lower in the latter groups, these results should be interpreted with caution.
CONCLUSION
We identified a sex difference in the association between kyphotic posture and falls in community-dwelling adults. In particular, severe kyphotic posture in men might increase the incidence of falls. Our findings suggest the need for close attention to sex differences in the effect of kyphotic posture on falls, and that the evaluation of kyphotic posture using WOT in community and clinical settings might help to reduce the incidence of falls.
Key Points
The effects of kyphotic posture on falls were analyzed in community setting. We observed a significant association between severe kyphotic posture and falls for men. We observed no significant association for women. We identified a sex difference in the association between kyphotic posture and falls in communitydwelling adults.
